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FOREWORD

The high-specd wind tunnel tests described in this report were
porformaed by the Aerodynamics Technology Staff of the Boeing
Commercial Aiplane Cowmpany, a division of.The Boecing Company,
Seattle, Washington. The work, sponsored by NASA Lewls Retearch
Center and reported herein, was performed between August and

November 1973.

This report has been reviewed and is approved by:

D. A. Schelp, Gybup Engineer Date
Aerodynamics Tefhnology Staff
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Two high speed wind tunnel teste were conducted to invastigate
the effect of JT8D-109 refan nacelles on Boeing 727-200 crulsco
drag, The first test was aimed at determining the side nacclle
and center inlet contours. The sccond test was conducted to
complete the investigation of fairings at the fusclage-nacclle
strut intersection and nacelle strut chord extensions. These
fairings and nacelle strut modifications were designed to
alleviate a local flow separation at the aft end of the nacelle
strut-fuselage intersection. The following conclusions about
the nacelle and center inlet configurations were reached from
the test results:
@ The drag. level penalty for refan nacelles is less than
the predicted value.
® Drag rise of the refan installation is better than that
of the production nacelle installation.
® The side nacelle contour is acceptable with a straight
sided purtion (cylindrical) near the center to
facilitate interchangeability of right and left nacelle

cowl doors,

® No inboard canting of the inlet highlight plane is required
for the side nacelles. This permits interchangeability of
right and left inlets. (Production 727-200 has 4° inboard

cant.)
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The aide nacelle atrut configuration should inelude an
aft strut-fuselago failring or aft strut chord extension.

Centor angine inlet contours waro satisfactory as initially

dofined for the refan onglno.
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2,0 INTRODUCTION

Tho Pratt & Whitnoy Adreratt JT8D-109 ongine la a derivative of
tho basie JU8D=9 turbofan onging, modifiad to ineorporato a4 naw,
Larger diametoer, single=stago ban with a bypaan vatio ol 2,03

and two supevcharging low=progsure comprassor dtagous.  Cho
modification gives lowor jot noise, incrcased takeort and arudse
thrust, and lowor gpeeific fuol consumption., The use of thoe
JTED-109 ongine on the Boeing 727 airplanc will cequire anlarygoed
gide engine nacelles and conter ongine inlet. The affoctad
regions on the airplanc are indicated on the airplanc goeneral
arrangoment shown on Figure 1, The effects of these larger
nacelles and center inlot on the low speed stability and control
charactoristics of the 727-200 where investigated.in the Boeing
Vortol Wind Tunncl during May and Junce 1973, The results of these
low speed tests are reported in NASA CR-134503, This invostigation
largoly determined the positioning of the nacelles raolative to

the fuselage.

Two high spoed wind tunnel tests were then run to determine the
Boeinyg 727-200 NASA Refan Nacelle extoernal contours and to
provide the basis for prediction of the resultant incremental
cruise drag. The first test was conducted in the CALSPAN
Transonic Wind Tunnel in Sopt. 1973, Tho principal purposc ot
this first high spooed tost was to investigate the effects of

gide nacoelle vontour changes., A socond high spoeed test was




conductad in tha Boeing Transonic Wind Tunnel, in Oct. 1973,

to further investigate the nacclle struk eonfiguration. The
partinent test results from those two high specd tosts are.
analyzed and presented in.this roport. The results from thosc
tests were used in detcrmining the NASA Refan extornal configu=-

ration and to predict the associated ineremental cruise drag of

the selected configuration,
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3.0 NOMENCLATURE

Airplanc Mift coafficient, 1ift/ q. 8
Airplano drag coeffieiont, drag/q,, 8

Cp with Rafan #aildo nacollos and contor duct minuas C

with production eido nucclles and contor duct, P

Cp with center inlet minus Cp with no conter inlot

Cp with side naceclles minus Cp with no side nacelles

Cp without fairinyg or extended strut chord minus Cp
with fairing or extended strut chord.

Pl = Poo
Pressure cozfficient,
Qe
Mach No.
Wing angle of attack
P‘o VOO

Reynolds number per foot, =

a0

CALSPAN Corporation Transonic Wind Tunnel
Boeing Transonic Wind Tunnel

Local static pressure psf

Freestream static pressure psf

Freestream dynamic pressure, 0.7PMM2

» bsf
Free8tream velocity ft/scc,

Freestream viscosity

Freegtrocam static density

Wing reference area £t

PSS S,




4.2

4,0 MODEL AND TEST.DESCRIPTION

An oxisting .046 scale model of the 727-200..airplanc was
usad. DProduction and Refan center ducts and-nraccelles waera
flow through type. 8ide nacelle construction consisted

of an aluminum body with epoxy contours (inlet lips wure
gsolid aluminum contours with no epoxy covering). The
center engine duct was made of a molded fiberglas duct
from a solid aluminum inlet lip and exit piece. Inlet
velocity ratios appropriate to cruise thrust were obtained
with the side nacelles and center duct by slightly opening
up the exit area of the nacelle. The fuselage was built
with a steel inner body structure, aluminum bulkheads and
fiberglass skins, The wing consisted of a steel spar with
epoxy contours. The wing was made up of right and left

panels connected by an incidence block.

TEST FACILITIES AND MODEL INSTALLATIONS

Tests in CALSPAN and BTWT transonic tunnels were run at
nearly the same Reynolds numbers. Corrections were made
to CD values for variances from a nominal Reynolds number
schedule with Mach number, The <, corresction was based on
the variation of flat plate turbulent skin friction with
Reynolds number., The following nominal Reynolds numbers

were used:
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4.2.1

4.2.2

Ra/ft, % 1078
Mach Uo, {Calopan) (BIWT
.70 3,375 1,33
.78 3,594 3,51
. 80 3,65 3,55
. 82 3,705 3,588
.84 3,76 3,626
.86 3,815 3.662
.88 3,87 3,696

CaLSPAN Trangoniec Wind Tunnel

The model was plate mounted with an island fairing
around the base of the plate (Fig. 2). A strain
gage force balance was uised for measuring model forces

on the plate,

Boeing Transonic Wind Tunnel

The model was similarly plate mounted on an island
fairing (Fig. 3) but this time the tunnel main
external force balance was used for force measure-

ments.
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5,0 'MHBT REAULTS AND DIHCUSHLO]

Data aaquired during tho two bhigh apood wind tunnel toatn
ineludod medel forao moasuramentn, ntatde pronasure meanroment i,
and flow visualization with (luoronoont oll,  Intornal diag of
tho flew naeollos and dontor duet woro caleulotod aobng an
existing boundary layor cowputor program, Volocity dintrvibutlons
wore calculated using static prospura moasuromont inslde tho
nacellos near the exit to costablliuh actual internal flows.
Intornal drag values are subtractod from nacolle drag incramontu
in all cases, All surfaces werc tripped with strips of
distributed grit. Test configurations are pictured on Fig, 4

to 6. A summary sketch showing refan nacelle configurations is

presentéd on Fig, 7.

The first test was intended to provide tlhie basis for establish-
ing side nacelle and center inlet configurations. Also, some
initial work was done to define a strut/fusclage aerodynamic
fairing or strut chord extension to remedy a local flow
separation discovered at the intersection of strut and fuselage
(aft end). 'This work was continued during the sccond test and

a suitable fairing or lengthened strut was developed. The
overall net drag increment due to the refan nacelle configuration
is given on Fig. 8. 'This includes the improvement gained by a

strut/fuselage fairing.

e
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Bpecifia drag effaots are jirennntad on the next figurea. Thae
firat comparison is botwoon ntandaxrd and rafan conter inlets

on Flg. 9, Littlo difforonee ronulted, The two aonfigurationn
diffar prineipally in Inlot ddawotar, inlet lip holght above the
fuosolago, and tho anglo of tho highlight plano, Comparioonn of

somo prinaipal dimonslonu arxo glvon bolows

Contor Highlight Lip Holght Anglo of Inlot
Inlot Dia, Above Fudolago Axigs to Fuselage
Production 43,7 in, 15.8 4in, 0°
Rofan 54,5 in. 17.0 in. 3°40!

Drag increments for stuandard and refan nacellos arc glvon
Pig. 10, Corresponding oll flow photos are W 1 o) RUNS ¥ X
and 12, The refan configuration hus . .y tevel increase but
more favorable drag rise characteristlic.s as compared to the

production airplane. Principal dimensions of the configurations

are indiceted below:

Highlight Maximum
Nacelle __Db.ia, Dia. Length
Production 42,0 in. 50.0 in. 217.1 in,
Refan 52.2 in. 62,0 in, 233,1 in,

A check of trip effect was made on the refan nacelle by removing

external grit 8trips, No discernable change resulted.
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The effoet on drag of canting the side nacelle inlet highlight
plane inboard by 3° (relative to the nacolle axis) is shown on
Fig. 13. The standard production nacelle has a highlight cant
of 4° inboard, It appoars that drag level with the 3° cant is
higher and the drag rise slightly worse. Thus, the advantago of
permitting common right and left hand inlet installations on the

airplane can be obtained,

Another effect studied was that of side nacelle contour. Two
contour alternatives were proposcd:

e A contour with a straight-sided (cylindrical) portion
in the middle to facilitate the design and manufacture
of cowl doors, With a.cylindrical portion, cowl doors
can be made to be common on right and left hand engine

installations.

@ A fully contoured shape with a continuous curvature
distribution from front to rear. This would normally

provide the best aerodynamic design for a nacelle.

Drag results are shown on Fig. 14 with the straight sided version
having an unexpected lower drag level. Local flow effects

appear to predominate over expected isolated nacelle drag results,
The maximum diameter of the fully contoured shape occurs near

where peak pressures are indicated on the strut. This aggrevates




tho loeal volocity distribution en tho inboard portion of the

nacnllo and worasons drag,

A local rflow separatlion was discovorad at the aft ond of the
intorsaction bowwaan the side nacelle strut and fusoelage. The

oil flow photo on Flg., 12 shows this on the-bottom viow of tho

strut, 8ix nacclle strut-body intorsection fairings and two
nacclle strut chord extonsions wore tested in an effort to curb g
this problem. Figs, 15 and 16 show the drag improvements for..the

most favorable fairing and strut chord extension as determined

by size and drag improvenent. Corresponding oil flow photos
with the modifications are presented on Fig. 17 and 18, The
separation is remedied in both cases with a resultant drag

improvement. The net refan drag previously shown on Fig. 8

included the benefit from the nacelle strut fairing.

Static pressures were measurcd in the vicinity of the side g

nacelle,

® Two rows of pressure ports on the fusclage - one above

and one below the nacelle strut,

& 1Two rows of ports on the strut - one on the upper and

one on the lower surface.

A gkatch of those locations relative to the nacclle is shown on
Iig., 19. Various static prossurc comparisons arc given on

Figures 20 thru 24 to show effocts of nacelle, Mach No,, etc.




govaral interesting affects can bo soon, Tho goanaral lovel of
¢ from bedy alone data lndicaten a algnificant high valoacity
distribution in thoe nacallo avea boeausa of thuo boattail affuct
of tho bedy closuve. ‘Thorae iu a gignificant shock ovident on
tho strut at .84 Mach numbor (Fiy, 21) with the nacelle instal-
lod,  The inercased supervelocity of the gtrut added to the
negative Cp due to thie body closurce causes a ghock just att of
the strut loading codge,  These cffoects are ovident for both tho
production and refan configurations. Fig. 20 indicates little
difference in pressure distributions botween Refan and Pooduction
configurations. A strutl leading odge modification was tried
in an attompt to weaken the ghock but demonstrated no drag
benefit., The flow problem is such that an extensive change to
the configuration would be required to eliminate the shock
(fuselage dishing, moving nacelle ete.) . These fixes werg

considercd beyond the scope of the Refan Program.
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6,0 CONCLUSIONS

Analysis.of data from two 727 refan tests has permitted the
following conclusions to be made concerning the refan nacelle
configurations:
@ A refan side nacelle with a straight sided (cylindrical)
portion has lower drag than a nacelle having a fully

contoured shape (continuous curvature variation).

e C. :ting the highlight plane of the inlet inboard by
3° for side nacelles was found to be unnecessary. Drag
measurements with and without the 3° cant showed no
improvement with 3° of inlet cant, Thus, a straight

inlet covld be designed to be common for right and left

hand nacelle installations.

® Static pressure measurements were made on.the fuselage,

above and below the nacelle and on upper and lower

strut surfaces, These pressures indicate the existance
of a shock between the fuselage and nacelle just aft of
the strut leading edge. The shock occurs both on the

basic 727 and refan nacelle configurations.

® The drag penalty due to refan nacelles is lower than that ;
estimated prior to the test so the nacelle configuration

appears satisfactory.
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e A strut/fuselage fairing at the aft ond ef the side
nacelle strut or an aft strut chord axtension provides

a drag improvaoment,
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FIGURE 18 OIL FLOW = EXTENDED CHORD STRUY




UPPER PUSELAGE
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FIGURE 19 SKETCH OF FUSELAGE AND NACELLE STRUT PRESSURE PORT
LOCATIONS
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